reinforcing the importance of investigating changes in 15q11q13 and 16p11.2 in syndromic patients with seizures. We also demonstrated that the MLPA technique is an alternative with a great diagnostic potential, and we proposed its use as part of the initial assessment of syndromic patients with seizures.
Chromosomal changes are observed in ∼ 6% of patients with seizures (SZs), intellectual disability (ID), or developmental delay (DD) and in up to 50% of patients with epilepsy, congenital malformations (CMs) and dysmorphisms, the so-called syndromic epilepsy [Singh et al., 2002; Bartnik et al., 2012] . Identification of the genetic etiology of these pathologies is essential for an efficient recurrence risk calculation and genetic counseling as well as the determination of possible preventive measures and/or clinical prognosis.
Some of these changes are observed more often in neuropediatric clinics as they have a stronger association with epilepsy or a greater incidence in the population. They are: monosomy1p36; 4pter (Wolf-Hirschhorn) deletion; ring chromosome 20; 18q deletion, and Miller-Dieker, Angelman, Down, Klinefelter's, and Fragile-X syndromes [Singh et al., 2002; Sorge and Sorge, 2010] .
Some other specific changes of the genome also appear to be strongly correlated to SZs, the so-called genomic 'hotspots' that predispose individuals to epilepsy. These include the regions: 1q21, 15q11.2, 15q13.3, 16p11.2, 16p13.11, and 22q11.2 [Chen et al., 2010; de Kovel et al., 2010; Heinzen et al., 2010; Mefford et al., 2010; Mullen et al., 2013] .
Thus, the investigation of chromosomal changes in patients with SZs, especially when associated with ID/ DD/CMs, contributes to the elucidation of many cases.
Despite the established recognition of the role that chromosomal changes play in the genetic etiology of idiopathic epilepsy in Brazil, the genetic component of only a small fraction of patients is determined. This is because the only method offered by the public health system is Gbanding, a technique that is unable to detect the so-called submicroscopic changes (smaller than 5-10 Mb). Therefore, new methodological approaches which enable the investigation of a greater number of syndromes simultaneously without high costs and with a higher resolution than karyotyping are necessary. The best alternative, undoubtedly, would be microarray analysis as a first line of investigation for patients with ID/DD/CMs/SZs. However, the implementation of this technology is not financially feasible in public health care settings in developing countries.
Therefore, we propose the use of a combination of MLPA kits as an economically feasible diagnostic tool with a great diagnostic potential for the investigation of this group of patients. The MLPA technique is considered a fast, sensitive method capable of detecting chromosomal changes in multiple targets [Schouten et al., 2002] , in addition to having lower equipment and reagents costs when compared to techniques to investigate the entire genome.
Patients and Methods
Patients with ID/DD/CMs/SZs were referred by professionals from various medical specialties, from August 2013 to August 2015.
The criteria for inclusion were: presence of SZs (whenever possible confirmed by additional neurological and laboratory tests), ID or psychomotor DD (associated or not with congenital anomalies), and no history of complications during pregnancy and childbirth. All patients were screened by medical specialists, but it was not possible to determine a precise clinical diagnosis. Metabolic disorders and infectious diseases were excluded, to the extent possible.
Sample Collection and DNA Extraction
Peripheral blood samples were collected from 70 patients. Samples were requested from parents, whenever possible, to establish the mode of inheritance of the detected chromosomal abnormalities.
DNA was extracted with the salting-out method, using the Puregene Blood Core Kit C Qiagen (Qiagen-Sciences, Germantown, Md., USA) according to the manufacturer's protocol.
MLPA
Initially, the samples were screened using the SALSA ® MLPA ® P036-E2 and P070-B1/B2 (MRC-Holland, Amsterdam, The Netherlands) for investigation of subtelomeric changes. The SALSA MLPA P064-B2/C1 was used for investigation of the most frequent microdeletions/microduplications. The study was started using the SALSA MLPA P064-B2 to investigate the 1p36 deletion, Williams-Beuren, Smith-Magenis, Miller-Dieker, 22q11.2 deletion, Prader-Willi/Angelman, Alagille, Saethre/Chotzen, and Sotos syndromes. During the study, this kit was updated to the SALSA MLPA P064-C1 which, in addition to the syndromes described above, included the following: Rubinstein-Taybi, WAGR, LangerGiedion syndrome, Wolf-Hirschhorn, Phelan-McDermid, and Cri du Chat syndrome.
For patients without detected changes, the SALSA MLPA P343 was used. This kit contains 52 probes: 9 control probes, three 22q13 probes (chr22: 51,115,059-51,160,754), eleven 16p11.2 probes (chr16: 28, 997, 365, 260) , and twenty-nine 15q11q13 probes (chr15: 25,297,217-32,988,875) with genome coordinates based on hg18/mapview build 36. Although this kit was originally developed for autistic patients, we chose to use it due to its good coverage in the 15q11q13 and 16p11.2 regions which, as mentioned above, are significantly altered in patients with SZs.
The reactions were carried out following the manufacturer's protocol using an ABI Veriti Thermal Cycler (Applied Biosystems, Foster City, Calif., USA), and the fragments were separated by capillary electrophoresis in an ABI3730. The display, normalization, and analysis of the results was performed using the GeneMarker ® v 2.6.2 software (SoftGenetics LLC, State College, Pa., USA), taking into account the height of the peaks in order to calculate the number of copies of each target sequence. The number of copies considered normal corresponded to a peak ratio value between 0.7 and 1.3, and for deletions and duplications, a peak ratio <0.7 and >1.3, respectively. When a change was detected, the reaction was repeated including samples from the parents (when possible) to confirm the result and determine the familial inheritance pattern.
Real Time Quantitive PCR
The real time quantitative PCR (qPCR) technique was used to estimate the breakpoints of the microdeletion, detected using the MLPA P343, observed in a patient. This was performed using the SYBR Green system, with the Fast-Real-Time PCR System 7500 device, as described by Torrezan et al. [2012] . To confirm the extent of the deletion, specific primers were designed for the genes SPNSI , ATP2A1 , NPIPB9 , EIF3 , and NPIPB11 (available upon re-quest), which flanked the deleted probe detected by the P343 kit. To calculate the number of copies of the patient, 10 normal controls (previously tested by SNP array) were used. In addition, all reactions were done in duplicate.
Results
In total, samples from 70 patients (60% men and 40% women) with ID/DD/CMs/SZs were studied, and 11 changes (15.7%) were identified ( fig. 1 ; table 1 ). In the first screening, with the 2 subtelomeric P036 and P070 kits and with the P064 microdeletion and microduplication kit, 7 changes (10%) were identified. Two unbalanced translocations (del4p16.3/dup8q24.3 and del3p26/ dup20p12.2p13) (2.9%), 1 deletion in 13q34 (1.4%), 1 deletion in the Prader/Willi region (15q11.2) (1.4%), and 3 deletions in 22q11.2 (4.3%). The remaining 63 patients were screened using the MLPA P343, and 4 (6.3%) more changes were detected. Three were in the 16p11.2 ( fig. 2 ) region and 1 in 15q13 ( fig. 3 ) . Although 3 patients presented CNVs in the 16p11.2 region, these changes were not identical; therefore, the only CNV that occurred more than once in the sample was del22q11.2, identified in 3 patients and in one of the mothers.
Of the 11 (15.7%) changes found, 9 (12.9%) are definitively pathogenic as they were already well characterized and/or constituted known syndromes. The duplication of the probe located in CHRNA7 was classified as probably pathogenic, and the duplication of the probe located in CD2BP2 was considered of uncertain significance, as explained below.
There was no case of disagreement between the results of the 2 subtelomeric kits. They were used together exactly to give greater reliability to the results, avoiding that the diagnostic conclusion be based only on the change in one single probe. Since the reduction in intensity of one probe in the MLPA technique may also be caused by a SNP in the hybridization site, the evidence from 2 distinct probes, changed in the same region, reinforces the deletion hypothesis. In the 2 cases of unbalanced translocations as well as in del15q11.2, the changes were detected by 3 kits, P036, P070, and P064 as these regions were investigated in all of them. Based on the analysis from the P343 kit, 3 patients showed abnormal signals of a single probe. In patient 6, a deletion was identified in the probe located in the LAT gene. When repeating the reaction, the deletion was verified in the patient, and 2 copies of the probe in the parents, again indicating a possible deletion. To confirm the deletion using another technique and to determine its extent, the qPCR technique was used to study the genes flanking the LAT gene. It was observed that the ATPA2 and SPNS1 genes were deleted in the patient, but the NPIPB11 , NPIPB9 , and EIF3C genes were not deleted ( fig. 2 ) . Using the same technique, it again was confirmed that the patient's parents had no deletion in this region. These results allowed the estimation of the deletion size to be between 200 and 400 kb. They further indicate the high probability that the patient has the 16p11.2 distal microdeletion syndrome (OMIM 613444), mapped in chr16: 28.73-28.95 Mb.
Patients 5 and 7 also had only 1 abnormal probe, located in the CHRNA7 and CD2BP2 genes , respectively. In these cases, however, the changes were duplications, and both were inherited from one of the parents, which rules out the hypothesis of a false-positive result.
Discussion
SZs are found in many patients with genetic syndromes. However, nongeneticists medical doctors may have difficulty in identifying the possible genetic syndrome that triggered the phenotypes found. Therefore, the importance of genetic screening in all patients with syndromic SZs is emphasized, mainly looking for CNVs in the regions most commonly altered in this phenotype.
In the present study, chromosomal changes were sought using the MLPA technique with a combination of 4 kits, P064/P036/P070/P343, to determine the genetic etiology of SZs associated with ID/DD/CMs. Chromosomal abnormalities were observed in 15.7% of the patients (11/70), and only 1 result did not have its meaning clearly identified. Therefore, the MLPA technique proved to be an important tool for screening chromosomal changes in this group of patients. The difference in the present study was including the P343 kit in the screening of patients with SZs. This kit was designed originally to screen autistic patients. However here, P343 increased the rate of CNV detection in the sample group from 10 to 15.7%.
Rearrangements in 15q11.2, 15q13.3, 16p11.2, and 16p13.11 are more frequently associated with psychiatric diseases such as schizophrenia, autism, and ID [Helbig et al., 2009; Hochstenbach et al., 2009 Hochstenbach et al., , 2011 D'Angelo et al., 2016] . However, these CNVs also appear to be strongly represented in groups of patients with SZs, indicating a probable common mechanism among these pathologies. Together, these changes are identified in 2.5-3.2% of individuals with generalized idiopathic epilepsy [Hochstenbach et al., 2011] . Separately, CNVs in 15q11q13 and 16p11.2 are present in 1%, and in 1.1% of patients with epilepsy [Mefford, 2014] . In the present study, 2 pathogenic or probably pathogenic CNVs were found in 2.9% of patients in the 16p11.2 region and in another 2.9% of patients in the 15q11q13 region. This reinforces that rearrangements in these 2 regions contribute significantly to the phenotype of patients with syndromic SZs. Moreira et al. [2014] , using the P343 kit, analyzed 531 Brazilian patients with autism. Of these cases, 78 also had SZs. In the group of patients with SZs, 5 (6.4%) presented CNVs, 3 in 15q13.3 (1 deletion and 2 duplications, including only the CHRNA7 gene) and 2 deletions in 22q13. In the group of patients with SZs, no change was found in 16p11.2. The authors conclude that changes in 15q13.3 and 22q13 are more prevalent among individuals with autism and epilepsy than in individuals with autism alone. The absence of CNVs in 16p11.2 is explained by the phenotypic variability of patients with changes in this region and by the fact that the overlap between autism and epilepsy is not frequently observed [Moreira et al., 2014] .
The 16p11.2 region can be divided into 2 subregions that are frequently altered: a more proximal region of fig. 1 f) , who has the duplication in the above-mentioned proximal region, consist of ID and SZs.
Deletions in the 16p11.2 distal region were initially related to a syndromic form of obesity but have subsequently been described in patients with DD (29.5%), craniofacial dysmorphisms (22.4%), behavioral problems (16%), and epilepsy (9%). Patient 6 ( fig. 1 d) has a de novo deletion in the distal 16p11.2 region. This patient presents some craniofacial dysmorphisms, such as low posterior and frontal hairlines, long eyelashes and synophrys, in addition to scoliosis. The patient developed SZs at 15 months, resulting in neurological regression and then dying at 8 years 5 months, following a long hospitalization to control the SZs.
The third CNV found in the 16p11.2 region was in patient 7, involving the CD2BP2 (OMIM 604470) gene. Unfortunately, in this case, it was not possible to conduct more experiments to determine the extent of the duplication. Redon et al. [2006] reported 17 duplications in 270 individuals analyzed, suggesting that this region, which includes the CD2BP2 gene, could be considered a polymorphic, nonpathogenic CNV.
The 15q13.1 microdeletion syndrome was described for the first time by Sharp et al. [2008] and is reported in 1% of the individuals with generalized idiopathic epilepsy [Helbig et al., 2009] . Duplications in this region are associated with learning difficulties, autism, and SZs [Cook et al., 1997; Thomas et al., 2006] . Although SZs have been proven to be associated with deletions in the CHRNA7 gene, mapped to 15q13.3 [Helbig et al., 2009; Shinawi et al., 2009; Mefford et al., 2010] , microduplications involving the CHRNA7 gene, as described in patient 5, were observed in a smaller number of patients with SZs. The duplication detection rate, however, does not seem so low, ranging from 2 to 9% depending on the study [Szafranski et al., 2010; Moreria et al., 2014; Spreiz et al., 2014] . In addition, many other patients with different variable phenotypes, some including epilepsy, have been described in DECIPHER as having pathogenic or possibly pathogenic duplications, either inherited or de novo, involving the CHRNA7 gene. Thus, although more studies and descriptions of cases are needed to demonstrate the complete pathogenicity of this duplication, it is fairly reasonable to imagine that any dosage variation of the CHRNA7 gene is a predisposing factor for SZs.
In the present study, no CNV was detected in the 22q13.2 region. The association of changes in this region with SZs is still not very clear, despite some studies [Chen et al., 2010; Striano et al., 2012] suggesting that this is also a candidate region for SZs. The fact that the number of individuals investigated in the present study is not very large may also explain the lack of patients with abnormalities in this region.
Through this study, it was possible to reinforce the importance of investigating microdeletions in 22q11.2, in patients with syndromic SZs, since this was the most prevalent microdeletion (4.3%) among the patients involved. The high incidence of SZs among this group of patients has also been discussed in recent studies; e.g., Kao et al. [2004] , who investigated a group of 348 patients with 22q11.2 microdeletion syndrome, found that 7% presented with SZs. Kao et al. [2004] and Kim et al. [2016] found that among 145 patients studied with the 22q11.2 deletion syndrome, 22 (15.2%) had SZs.
Understanding of the etiology of ID/DD/CMs/SZs is fundamental for the guidance and genetic counseling of families as well as for the establishment of preventive measures. Another advantage of early identification of the genetic etiology of the patients is the elimination of additional costs arising from the large number of diagnostic procedures used in the attempt to elucidate the cause of the clinical condition of the patients. Therefore, considering the diagnostic capacity of the combination of MLPA kits used in the present study, we propose the use of the these kits as part of the initial evaluation of patients with syndromic SZs, along with SALSA MLPA P343 to investigate the 15q11q13 and 16p11.2 regions.
Although the MLPA technique is simpler and less expensive, compared to microarray analysis, the use of 4 diagnostic kits makes the process obviously burdensome. Since the layout of the P064-C1 kit now includes the subtelomeric regions most frequently altered in patients with SZs (del1p36, del4p, and del5p), we suggest using only 1 subtelomeric kit in the initial screening of patients. The follow-up reaction, to confirm and determine the nature of inheritance using parental samples, could be performed with a different subtelomeric kit. This would guarantee a diagnostic result based on 2 distinct probes, which makes the MLPA safer. The use of the P343 kit reinforces both the strong contribution of chromosomal changes in 15q11q13 and 16p11.2 in patients with syndromic SZs as well as the importance of investigating these regions in this group of patients. Therefore, we propose the investigation of microdeletions and microduplications in patients with SZs, including research of these regions using the MLPA technique as an alternative in countries and/or institutions where it is not possible to use microarray analysis as the first line of research to investigate chromosomal abnormalities.
